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Recording system
Fluorescence microscope and digital image analyzer system was constructed using a modified xenon lamp and an electrical stimulator (modified ARGUS 100/Ca, Hamamatsu Photonics, Hamamatsu, Japan and model ground picture was taken without the pulse-illumination but with electrical stimulation (Fig. 2, lower panels) . The values of background pictures were subtracted from those obtained with pulse illumination at corresponding pixels. Digital accumulation of five to eight pictures representiing ten to sixteen cardiac cycles produced clear pictures with a relatively low level of fura-2 loading used in the present study. Immediately after a set of pictures was taken at 340nm excitation, the wavelength was switched to 380nm, and the process was repeated. The entire sequence was repeated 10 to 15 times while altering the time delay between electrical stimulation and pulse illumination. Approximately 8min were needed to obtain pictures representing fifteen time points during the cardiac cycle. After all pictures were obtained and digit ized, free Ca2+ concentration was calculated using the method described by Grynkiewicz et al.15 from the ratio of fluorescent intensity observed with 340 and 380nm excitation at each pixel on the screen. Calibration curves for Ca2+ concentrations were obtained using EDTA -Ca2+ buffer system15 and with calculated Ca2+ concen trations of 10 to 10,000nM.
Results
The cardiac myocytes isolated from rat heart main tained a well striated, rod shape appearance for several hours under the microscope. These cells were quiescent unless electrically stimulated. No signs of Ca2+ over loading, such as oscillatory aftercontractions following electrical stimulation16,17 were observed (data not shown). During an early phase of the study, however, those myocytes which were continuously monitored under the microscope started to contract spontaneously after 30 to 40min. Fluorescence pictures showed that very slow Ca2+ waves repeatedly moved from one end of the cell to the other end in these cells (data not shown, but similar results were reported by Takamatsu and Wier13). These contractions and Ca2+ movements were not time-locked to electrical stimulation and could be observed even when electrical stimulation was stopped. A phase of spontaneous movements and Ca2+ waves was followed by a sudden rounding of the cell associated with a marked and uniform increase in intracellular Ca2+ con centrations. Slow Ca2+ waves observed in Ca2+ over loaded cells probably represent artifact. The results from these cells were not reported in this paper.
The spontaneous Ca2+ waves were not observed with other myocytes in the chamber at the time when the cell under observation was rounded. This would indicate that these spontaneous movements and Ca2+ waves were caused by cell injury resulting from exposure of the cell to ultraviolet light used for observation. Subsequently, the level of the ultraviolet exposure resulting from con tinuous firing of the xenon lamp was reduced using a Fig. 3 shows the wave of intracellular Ca2+ concen tration, or the movement of the Ca 2+ transient, which was triggered by and time-locked to the electrical stimu lation. Apparently, intracellular Ca2+ does not increase uniformly within a myocyte when the cell is stimulated with electrical field. In the cell shown in Fig. 3 , initial increase in intracellular Ca2+ occurred at the far right as well as at the mid-point of the cell (10-msec panel). The area of relatively low Ca2+ concentrations shown in pale blue color rapidly spread throughout the entire cell volume, whereas areas of higher Ca2+ concentrations shown in white color slowly spread around the point of origin (20-msec panel). Subsequently, the areas of high Ca2+ concentration spread to the entire cell volume reaching the peak Ca2+ concentration at about 80msec. After 100msec, the intracellular Ca2+ concentration uniformly decreased returning to the resting value at about 300msec in the cells stimulated at 1Hz. These results clearly demonstrate that intracellular Ca2+ con centration is not uniform during the initial 40-msec period when the Ca2+ concentration was increasing within a myocyte. 
